Objective A comprehensive case-control study was conducted to evaluate parental risk factors for medulloblastoma (MB) and primitive neuroectodermal tumor (PNET). This analysis was conducted to evaluate associations between fathers' hobbies and risk of their children developing MB/PNET. The hobbies chosen for study were those with similar exposures as occupations associated with childhood cancers.
Introduction
Little is known about the etiologies of brain tumors that develop in early childhood. Medulloblastoma (MB) and primitive neuroectodermal tumor (PNET), histologically similar tumors, are the second most common type of pediatric central nervous system (CNS) cancers and have their highest incidence between birth and four years [1] . MB is the more common of the two, accounting for approximately 80% of the combined total [2] .
Some genetic syndromes are known to greatly increase the risk of brain cancer in children, but these mutations are rare and account for fewer than 5% of all cases [3] . Recent observational studies of childhood CNS tumors have reported associations for a number of environmental factors, including maternal diet and parental heat exposure [3] [4] [5] [6] , although the evidence is limited or inconsistent. In several studies, paternal occupational exposures, including ionizing radiation, solvents, and pesticides [3, [7] [8] [9] [10] [11] , which could also be encountered during a father's participation in a hobby, have been implicated.
There are at least three pathways by which paternal exposures can lead to adverse outcomes in children: mutagenic or epigenetic changes to the sperm prior to conception, transfer of chemicals to the mother during conception or pregnancy, and direct transfer to the child after birth. All three of these modes have been shown in animal studies to result in adverse outcomes in offspring [12] [13] [14] .
In this study, we examined the association between fathers' hobbies that could result in potentially toxic exposures with their children's risk of developing MB or PNET.
Materials and methods
The study design and methods for subject selection have been described in detail elsewhere [5] . Briefly, the study (Children's Cancer Group protocol E21) enrolled eligible participants who were diagnosed between July 1991 and November 1997 with MB or PNET before six years of age. All subjects were registered with the Children's Cancer Group (CCG), one of the four pediatric oncology cooperative groups that later merged to form the Children's Oncology Group (COG). At the time of the study, about 100 medical centers participated in the CCG and were estimated to diagnose and/or treat approximately half of all pediatric cancers in the US and Canada.
The institutional review boards of all participating institutions granted approval of the study. All subjects gave verbal informed consent to participate at the time of the telephone interview.
Study participants
A total of 558 eligible cases registered with CCG were identified. Some of these were excluded for reasons including: another diagnosed cancer before or at the time of MB/PNET diagnosis (n = 3), inability to locate the family (n = 48), lack of physician consent (n = 35), pathologic review revealing misdiagnosis (n = 28), biological mother not available (n = 17), presence of a language barrier (n = 16), lack of a household phone (n = 13), residence outside of North America (n = 6), no response from the institution (n = 2), or refusal by the family (n = 66).
Random digit dialing was used to enroll control mothers. Controls were matched to cases on area code, race, and date of birth (within six months for cases diagnosed at age less than one year and within one year for all others). Controls could not be found for 6 of the cases. The final sample included 318 case mothers (73% of eligible cases) and an equal number of controls. Information on the fathers of 283 cases (89% of the 318 cases) and 262 controls (82% of the 318 controls) was collected and analyzed.
Data collection
Data collection was accomplished through structured phone interviews conducted for all cases and controls by trained interviewers. The median time between the child's diagnosis and the interview was 1.6 years (range: 0.1-6.2 years). All mothers and as many fathers as possible were interviewed directly. When the father was not available for an interview, the mother often completed it in his place; 28 (10%) of the case fathers and 63 (24%) of the control fathers were interviewed by proxy. Information was collected on a variety of possible exposures and confounders potentially related to MB and PNET.
Primary exposure-hobbies Hobbies were selected based on associated exposures that have been hypothesized to cause brain tumors, including pesticides, solvents, paints and pigments, electromagnetic fields, and lead. The hobbies were stripping paint from furniture or woodwork; car repair; home repair or remodeling; painting (either artistic or home); pottery, ceramics, or glazing; photographic developing; gardening or lawn care using insecticides, bug, or weed killer; model building; silk screen printing or painting; electronics or ham radio operation; TV, radio, stereo, or other electronic repair; sewing with a sewing machine; working with large power tools such as a lathe, table saw, or band saw; target shooting or hunting. For questions regarding hobbies, fathers were asked whether or not they participated during the pregnancy or from the child's birth until the child's reference age and about their frequency of participation during each time period. For pregnancy exposures, fathers were asked about the time period starting the month before the pregnancy in order to capture very early pregnancy.
Not all hobbies had sufficient participation to allow analysis. Only those with more than 50 total participants in each time period were included in further analyses. Hobby participation during these two time periods was highly correlated, so it was not possible to include participation during both time periods in a single analysis.
Statistical analyses
Demographic attributes and potential confounders were compared between cases and controls by either t-tests for continuous variables or v 2 -tests for categorical ones. Logistic regression was used to determine crude odds ratios (OR), ORs adjusted for potential confounders, and 95% confidence intervals (CI) for each hobby. Exposure was defined as a 'yes' answer to the question regarding a specific hobby. In analyses to investigate dose-response, frequency was categorized as never, less than once per month, or once per month or more, and the categories were analyzed as indicator variables. Analyses stratified by reference age (defined below) above or below the median of 23 months were performed to determine if risk differed for older compared to younger children.
Reference age was related to the age of diagnosis and represented an estimate of the age of onset for the tumor. Those with a diagnosis before five months of age were considered to have a reference age at birth. The reference ages for the remaining cases were defined as follows: three months for those diagnosed at 6-11 months; six months for those diagnosed 12-17 months; nine months for those diagnosed at 18-23 months; age of diagnosis minus 12 months for those diagnosed at 24-71 months. Controls were assigned the reference age of their matched case. Children with a reference age at birth were excluded from all after birth exposure analyses.
In an attempt to determine whether recall bias might explain our results, an analysis was performed which excluded the least frequent participants (\5 times during the time period). Recall bias is thought to operate in childhood diseases by more complete reporting by case parents compared to control parents [15] . One possibility is that case parents report infrequent or incidental exposures more completely than do control parents. It may be possible to assess the amount of recall bias that is present in the study by comparing the ORs with or without the least frequent participants.
Controls were matched to cases based on date of birth, race, and area code; however, not all case-control pairs had interviews for both fathers, resulting in a reduced sample size if only matched pairs were used. Therefore, unconditional logistic regression was performed on all subjects for whom a paternal interview was available with matching variables included as confounders. Child's race was defined as either white or other and area codes were categorized into one of five geographic regions. Due to the time lag between interviewing case fathers and finding and interviewing a matched control father, control interviews took place at a later date than those of their matched cases and controls were older on average. Inclusion of the three variables, the child's date of birth (a matching factor), the date of the father's interview, and the child's age at interview, was not possible due to multicollinearity. Therefore, only two variables-the date of the father's interview, and the child's age at interview-were included in analyses.
The following variables were also assessed for inclusion in the regression models: whether a proxy interview was conducted, gender of the child, father's smoking status, mother's smoking status, father's alcohol use, father's heat exposure, father's age at the child's birth, father's marital status, father's educational level, the size of the household, the number of household moves, father's income, and the season of the child's birth. Variables were included as confounders if they were associated with both the disease outcome and the exposure and if they were either significant (a = 0.05) in the regression or changed the OR by more than fifteen percent. The final model included father's race, geographic region, date of father's interview, child's age at interview, whether a proxy interview was conducted, the child's gender, father's smoking status, and the child's birth season.
All analyses were performed using SPSS version 14.0 for Windows.
Results
Fathers of cases and controls were similar with respect to race, age at child's birth, residential mobility, alcohol use, marital status, and educational attainment (Table 1) . Cases were less likely to have had the mother complete a proxy interview for the father, were more likely to be male, and more likely to come from smaller households. Fathers of cases smoked less and had higher incomes. Control fathers were interviewed later in the study and control children were older at the time of the interview. More cases than controls were born in summer compared to the fall, with winter and spring being intermediate.
Lawn care before and after the child's birth was associated with increased risk of MB/PNET development (during pregnancy: OR = 1.6, 95% CI: 1.0, 2.4; after birth: OR = 1.7, 95% CI: 1.1, 2.6; Table 2 ). Weak, non-significant associations were seen for stripping paint and hunting in at least one time period.
Analyses of frequency of hobby participation (see Table 3 ) did not show increased risk with increased frequency of participation.
For several of the hobbies, there was a trend toward higher risk for older children (those with a later reference age), particularly for exposures during the pregnancy. The most striking differences were seen for stripping paint during the pregnancy (OR \23 months = 1.3, 95% CI: 0.6, 2.9; OR [23 months = 1.9, 95% CI: 0.7, 5.1), lawn care (during In analyses to assess potential recall bias, there were generally no appreciable differences when including or excluding the least frequent participants (data not shown). The only hobby that showed much evidence of recall bias was lawn care during pregnancy (OR with \5x group = 1.6, 95% CI: 1.0, 2.4; OR without \5x group = 1.3, 95% CI: 0.7, 2.3).
Discussion
We found suggestive associations between several paternal hobbies and risk of a child developing MB or PNET in the first six years of life. The strongest associations were seen for lawn care with pesticides both during the pregnancy and after the child's birth; however, no dose-response relationship was observed and there was evidence that recall bias might partly explain the association. Possible weak associations were seen for stripping paint from furniture or woodwork and for hunting. The presumed exposures of interest for these hobbies are: pesticides from lawn care, solvents from stripping paint, and lead and cleaning solvents from hunting. The results of this study are consistent with and support findings from other studies that have looked at parental pesticide exposure and childhood brain tumors. Many pesticides readily cross the blood-brain barrier and are intentionally neurotoxic. Laboratory studies have shown that some pesticides can cross the placenta, damage DNA, and initiate tumorigenic changes in fetal cells (reviewed in Baldwin and Preston-Martin [3] ). A number of studies have found elevated risk for MB/PNET and other pediatric CNS cancers among children whose fathers have experienced pesticide exposures either occupationally or in the home [3, 7, 8] . However, null associations have also been found for both occupational and residential exposures [7] . Much of the research in this area has focused on occupational rather than residential exposures, but the strongest associations have been found for household pesticide use prior to or just after birth [3] . Most of the positive risk estimates for residential pesticide use have been on the order of 1.5-2.5 [7] , comparable to those found in this study.
The previous evidence for solvent and lead exposures has been less clear than that for pesticides. Mixed results have been found with some studies showing positive associations and others showing none [3, [9] [10] [11] . This study adds to the suggestive but inconclusive evidence regarding solvent-related exposures. To our knowledge, no previous studies have looked at possible associations between lead exposure and MB or PNET development. Lead is known to cross the developing blood-brain barrier [3] and to induce potentially carcinogenic chromosomal aberrations [16] . In addition, occupational lead exposure has been shown to increase risk of brain tumors in adults [17, 18] . Other research has shown significantly elevated levels of lead in the cerebral spinal fluid (CSF) of those with malignant tumors compared to control groups, with MB showing the highest mean CSF lead levels [19] .
More frequent hobby participation was not associated with higher risk estimates. There are a number of possible reasons for the lack of a dose-response relationship, including that small sample sizes limited the ability to detect these differences. It is also possible that the lack of a dose-response relationship is indicative of bias in the results rather than a true positive association.
The analyses by age of the child found generally higher OR for the children who were older at diagnosis. This suggests that the environmental exposures measured here may manifest themselves primarily in older children, rather than in children diagnosed shortly after birth, possibly due to a necessary latency period between exposure and disease onset. However, these results must be interpreted with caution due to the small numbers and the lack of statistical significance.
The primary limitation of this study is the retrospective data collection based on paternal recall, which can result in There is some evidence from our analyses that recall bias was not a major concern here, but its effects on the results cannot be ruled out. The presence of non-differential misclassification due to the time lag between exposures and reporting would generally be expected to bias the risk estimates toward the null. Another limitation of this study was the broad nature of the questions. A father's participation in a hobby could result in exposure to many substances. In addition, the exposures encountered during a hobby may not be the same for all participants. The broad nature of these questions would have acted to dilute risk estimates that may otherwise have been positive for specific exposures. On the other hand, asking such broad questions related to hobbies, rather than very detailed questions related to specific exposures, may have resulted in more accurate recall on the part of the study subjects. Data were not available on maternal hobbies or for either parent's occupational exposures. Therefore, we cannot account for exposures that may have resulted from maternal household activities or from either parent's work-related exposures. This may have added to misclassification by exposure.
Further consideration must be given to the population used in these analyses. Only children who had been patients at a medical center participating in the CCG were enrolled in this study. Selection bias would have occurred if children with MB/PNET seen at CCG institutions differed from other children with MB/PNET. However, data were not available to assess potential differences, and thus, we cannot assess the likelihood of selection bias due to case ascertainment through CCG. Further selection pressures arise from paternal response rates and use of mothers as proxy respondents. The overall response rate from fathers of identified eligible cases was 65%. Proxy interviews were conducted for a sizable minority of the fathers, particularly among controls. Use of these interviews could be expected to increase the probability of misclassification of exposure. Analyses were performed excluding proxy interviews and no differences from the reported results were seen.
These data on father's hobbies prior to and after birth and his child's risk of developing MB or PNET in the first six years of life provide some suggestive results and directions for future research. Combined with data from other studies, these results are suggestive of an association between residential pesticide exposures and brain tumor risk in children. This association was unlikely to have been entirely explained by confounders or bias, although these must be considered as possible explanations for the results. This study also suggests a possible role for stripping paint and hunting, which should be further explored in future studies. 
